O nce in a long while, a book and a place come together. For The Natural History of an Arctic Oil Field, this is one of those times. During the last few hours, I have sampled vegetation on a long-abandoned drilling pad near the eastern extent of the North Slope oil fields, but now, until the helicopter returns, there is time to read. I sit on the edge of the drilling pad, facing north, with a mosquito hood protecting my face. Occasionally, I look up to watch caribou moving across the tundra or to stare at the ice floating on the Beaufort Sea. Less frequently, I stand and search 360 degrees for bears. But my focus is on this book. Although I have read the book once already, I scan the pages again, reading in situ to make the connection between what is written and what I see on this landscape.
The book brings together papers written by researchers to summarize current understanding of the oil industry's effects on plants, invertebrates, caribou, fish, birds, fox, bears, and even algae. Looking at the book out here, the first thing that strikes me is that the blurb on the back of the book is wrong. It states that "exploration for oil in the Arctic over the past 30 years has had profound effects on the plants and animals that inhabit this frozen clime." The chapters themselves, though, suggest that the effects have been anything but profound. Bleak expectations and millions of dollars' worth of research over more than 30 years detected little more than an increase in foxes on the North Slope, apparently caused by increased food availability-scraps gleaned from dumps or, in the past, from workers intentionally feeding the animals, a practice that has all but disappeared as a result of oil industry training and rules. Other than the esthetic effects on the landscape and the emotional effects that come with extracting oil from wilderness, very little has changed on the North Slope.
Chapter after chapter makes it clear that the impacts of the oil industry on biota are hard to capture. Despite the amount of oil leaving the North Slope, the direct footprint of the oil field is smallin total, less than 0.1 percent of the area of active oil extraction and less than 0.04 percent of the Arctic Coastal Plain. And regulations driving environmentally sound practices are abundant-so abundant that a two-page table is needed to list typical permit requirements for North Slope projects, and a second two-page table is needed to explain the regulatory framework of oil and gas development. There is a list, too, of training programs that have reduced environmental impacts, ranging from "Spills: Targeting Zero" to "Field Operations: Everyone Is an Environmental Manager" to what could be described as the ultimate don't-feedthe-animals course, "Polar Bear Safety Training."
Whether they address Pacific loons or caribou, arctic fox or invertebrates, most of the book's chapters follow a similar outline, beginning with descriptions of populations and changes over time and ending with comments about the effect of humans on these populations. There are maps showing patterns of animal movement, charts showing population numbers, tables listing species of worms and sponges, and color photographs showing everything from aerial landscape views to a caribou standing in a tin shack to soft coral growing on boulders offshore from the Sagavanirktok Delta. But now, sitting on this abandoned drilling pad, what draws my attention are comments about the negative impacts of these oil fields.
Writing about vegetation change, Jay McKendrick of the University of Alaska suggests that "although habitat diversity created by industrial disturbance often is unattractive to humans, it frequently attracts wildlife because it provides resources otherwise scarce in tundra habitats" (p. 53). Writing about caribou, Warren Ballard of Texas Tech University and his coauthors point out that "impacts have been inconsequential because the herd has grown over the period of oil-field development and management objectives are being met" (p. 100). Writing about black brant, University of Alaska's James Sedinger and his coauthor Alice Stickney suggest that "the preponderance of evidence indicates that oil-field development has not eliminated important nesting or brood-rearing habitat" (p. 229). Joe Truett, the book's lead editor, sums it up in the book's final chapter: "Speculations that population levels or productivity of vertebrates in the oil fields have changed in consequence [of human activity on the North Slope] remain generally unsupported by data" (p. 407). Further, he writes,"the oil-field ecosystem continues to function much as it did prior to development, constrained primarily by the forces of climate, landscape structure, and nutrient availability and cycling."
Why then does the back cover claim that the oil industry has had "profound effects on the plants and animals"? My suspicion is that the person responsible for writing the back-cover blurb based that sentence not on a careful reading of the book but on preconceived notions. And
Looking for Bad News
Books looking through the book, it occurs to me that many of the chapter authors were also influenced by preconceived notions. Hidden between the lines of scientifically objective prose, there is a hint of disappointment in the absence of obvious impacts. The authors expected to find big problems, they wanted to find problems, but, after years of data collection, they found nothing striking. The question becomes this:"Where is the unequivocal bad news?" I look up for a few minutes, noticing that the caribou have moved closer, then look back to my book, intentionally seeking negative information, and I find this sentence about arctic shorebirds: "That distributional changes occur near gravel fill is unambiguous" (p. 293). But, reading on, it turns out that densities are greater near gravel fill because the fill creates conditions that, under some circumstances, attract the birds.
This book summarizes research efforts on the North Slope, and in this sense it is a technical volume. But it is a readable technical volume, a useful book for anyone braving the haul road to peek at the Beaufort Sea, and an important book for anyone concerned about the effects of oil extraction in the Arctic. Staring across the tundra, hoping to hear the approach of my helicopter over the buzz of mosquitoes, it occurs to me that, in a subtle sense, this is a book about the psychology of the environmental movement. Between its lines, it shows how hard it is to accept the possibility of environmentally responsible industrial development. In an equally subtle manner, it illustrates the ability of living organisms to adapt. Much as I have adapted to these mosquitoes by donning a mesh hood, the oil industry has adapted to changes in the way society views and values the environment by developing new ways to reduce impacts. And the wildlife of the North Slope has adapted to the oil industry by turning its collective back on the grim expectations of humans. Undoubtedly, rapid population growth, combined with malnutrition and disease, has contributed to some of those failures. The World Health Organization recently reported that more than 3 billion of the world's 6 billion people are malnourished, and most of those 3 billion live in the tropics. Nonetheless, Costa Rica, the country on which the authors focus, has suffered less from malnutrition than have other tropical countries.
BILL STREEVER
Part of the reason for that accomplishment, the authors indicate, may be Costa Rica's use of resources for agriculture. Indeed, several chapters of the book are devoted to a detailed assessment of Costa Rican agricultural production. Understanding the status of Costa Rican agriculture is especially important:
Agriculture provides not only most of the foreign exchange income but alsoand equally important-a major share of the domestic food supply. The authors report, however, that the proportion of the Costa Rican diet that comes from domestic production has decreased from 100 percent in 1960 to about 80 percent in the 1980s and to only 70 percent in the 1990s.
Although it may be possible to increase food production in Costa Rica, most of the high and moderate quality cropland is already in production, and some cropland is subject to severe soil erosion. The average rate of soil loss in Costa Rica is nearly 21 t·ha·yr and ranges as high as 5800 t·ha·yr. The rate of soil formation is approximately 1 t·ha·yr. Thus, on average, soil is being lost at least 21 times faster than it can be rejuvenated, and it takes more than 500 years to replace 25 mm of topsoil. The authors estimate that the economic cost of soil erosion in Costa Rica is about $2.2 billion per year. Moreover, as Costa Rica's population expands, some of the best cropland has been converted to other uses-namely, urban development and highways.
The book presents historical data and technical, detailed analyses of resources in Costa Rica, which are useful for assessing the country's potential for successfully balancing population needs and the resources that support them. However, because losses in plant, animal, and microbe species are increasing worldwide, the authors would have done well to consider biodiversity in their analyses. Costa Rica is fortunate to have more than twice the world average of its land in protected parks (7 percent, compared with the worldwide average of 3.2 percent). But even that expanse of protected parks is insufficient to conserve and protect biodiversity. In addition to maintaining protected parks, Costa Rica might take a more inclusive approach, one aimed at conserving managed agricultural and forestry resources and protecting the diverse species in these ecosystems.
Although the authors say relatively little about conserving biodiversity, they do devote attention to the important issue of fossil and biomass energy use in Costa Rica, discussing both energy use in agriculture and, in general, the relationship of energy use to the economy. These analyses are particularly enlightening and enable readers to better understand the biophysical limits of Costa Rica's environment and economy.
Although sustainable development is part of the title of the book, Hall criticizes this widely used term because, he claims, it is an oxymoron. He notes that there cannot be sustainable economic development or growth because there are biophysical limits to the resources of all countries, including Costa Rica.
The authors are to be commended for their careful, insightful analyses, which cover far more than the term sustainability would suggest. This is the best, most detailed assessment of a tropical country's biological and physical resources and economic geography that I have read. For this reason I strongly recommend the book to economists, ecologists, geographers, agriculturists, biologists, engineers, agronomists, and others interested in development and the preservation of environmental integrity, as well as the future of tropical nations. In Wonderful Life (1989), Stephen J. Gould posed this question: What would happen if we were to replay the tape of life, starting at the Cambrian? Would we get intelligent life? Would we even get anything resembling humans? Gould, drawing upon the Burgess Shale fossils for his answer, emphatically says no. He argues that the quirkiness of evolution, in which the race may not be always to the swift, makes it exceedingly unlikely that anything like mammals-much less humans-would evolve. Humanlike intelligence in particular, to Gould, is a wonderful accident, definitely not the destiny of life on this planet. The science journalist Robert Wright strongly disagrees with Gould's view. Wright thinks instead that the appearance of intelligent life, and even humanlike intelligence, was a very likely scenario at the time of the Cambrian explosion. Wright also sees further sustained progress in human culture. In fact, the subtitle of his book is The Logic of Human Destiny. By destiny, Wright does not mean metaphysical certitude. Rather, he describes human destiny through analogy: Just as a poppy seed's destiny is to become a poppy, even though not all poppy seeds manage to flower into poppies, so too does humanity have a destiny: to move toward complexity and to reach a new equilibrium, an era of relative political, economic, and social stability.
DAVID PIMENTEL
According to Gould (1989 Gould ( , 1996 , no overall driving pressure to increased complexity exists; the directions of changes in complexity are apparently random. Wright insists, however, that the trend to increased complexity is driven by a powerful force: organisms playing "nonzero-sum games," in which one participant's gain need not be at the expense of another. Both players can win (win-win), or both can lose (lose-lose), but it is the win-win payoffs that Wright sees as the root of major advances in complexity and intelligence.
Although Wright's goal is to establish that nonzero-sum games are the cause of the general trend toward increased complexity throughout the entire history of life, he starts with-indeed, devotes over half of the book to-human history. Wright's rationale is that we humans are exemplars of game players. We play more and increasingly complex "games" with one another than does any other organism. We have also "evolved amid social hierarchies and our minds are designed to negotiate them" (p. 26). Wright thus first details how nonzero-sum games have led to technological progress throughout history and then attempts to extend this role to progressive evolution in general.
Wright summarizes the general trend of human culture as follows: "New technologies arise that permit or encourage new, richer forms of nonzero-sum interaction; then...social structures evolve that realize this rich potential-that convert nonzero-sum situations into positive sums" (pp. 5-6). Nonzero treads on some of the same ground as Diamond's (1997) Guns, Germs, and Steel, but the two authors differ on emphasis. Although Wright agrees with Diamond about the factors that cause certain populations to make faster technological progress than others have-availability of animals that can domesticated, for example-Wright's focus is on humanity's general upward direction, from simple hunter-gatherer tribes to "Big Man"societies to the Roman Empire to the Industrial Revolution to today's information age. Wright also minimizes the disruptions to that progression: The "barbarians" at the gates of the Roman Empire weren't really that barbaric, and the Dark Ages weren't all that dark. As Wright repeatedly notes, the disruptions have little consequence because "the world makes backup copies"; that is, rising civilizations preserve much of the culture of the fallen civilization. Wright advises that the important consideration for tracking progress is not the rise and fall of individual civilizations but rather the disposition of accrued knowledge and inventions.
After discussing how the payoffs from nonzero-sum games have advanced human culture, Wright then turns to the role of nonzero-sum games in the history of life. Although nonhuman organisms play less complex games for lower stakes than humans do, they've been playing these games longer. Nor does Wright limit the players of nonzero-sum games to organisms: He considers genetic elements to be players as well. Indeed, Wright connects these games, played for billions of years, to today's information age: "Globalization," he contends, "has been in the cards not just since the invention of the telegraph or the steamship, or even the written word or the wheel, but since the invention of life" (p. 7).
Books
Certainly it is not unreasonable, given humanlike intelligence and ingenuity, to believe that globalization was in the cards. The germane question, though, is whether humanlike intelligence, much less a global information network, was in the cards all along.
I agree with Wright that the complexity of organisms today was produced by more than just random changes in direction. Complexity, however, is not the same thing as intelligence. What does the history of life tell us about the ease of acquiring intelligence? Eyes and other traits that have evolved independently dozens of times are probably easy to acquire over evolutionary time (Dawkins 1996) . But intelligence? "Vanishingly few animals on Earth have bothered with much of intelligence or dexterity," as Diamond (1992, p. 213 ) points out. "Earth's really successful species have instead been dumb and clumsy rats and beetles, which found better routes to their current dominance" (ibid.).
Although I disagree with Wright's view that humanlike intelligence was destined to evolve, I do think that Nonzero is worth reading and should interest a wide spectrum of readers. Wright gives readers much to think about, and he does it in a colorful, engaging way. The importance of the ideas and issues Wright discusses is reason enough to examine Nonzero.
